Abstract: Considered the dynamic problem of the theory of elasticity for multilayered half-space. Boundary surface of inhomogeneous half-space loaded with normal load, and the boundaries of separation layers are in conditions of ideal mechanical contact. The formulation involves non-classical separation of equations of motion using two functions with a particular mechanical meaning volumetric expansion and function of acceleration of the shift. In terms of these functions obtained two wave equation, written boundary conditions and the conditions of ideal mechanical contact of layers. Using the Laguerre and Fourier integral transformations was obtained the solution of the formulated problem. The results of the calculation of the stress-strain state in the half-space with a coating for a local impact loading are presented.
INTRODUCTION
Questions concerning the propagation of a elastic waves in layered bodies under local loading of their surfaces are urgent due to great number of up to date problems of soil mechanics, acoustic flaw detection, problems involving strength of composite materials etc. In general the analysis of this phenomenon is connected with solving a spatial dynamical elasticity problem with corresponding initial and boundary conditions and joining conditions on flat or curvilinear surfaces. At present there have been formed different approaches to solving dynamical elasticity problems.
Among the analytical methods in the first place there should be mentioned methods connected with the applying of Fourier and Laplace integral transformations (Slyep'yan and Yakovlyev, 1980) . However the exact inversion of the received transforms can be performed only in few simplest cases and that's why here various numerical and asymptotical methods must be applied. And it's obvious it influences the accuracy and reliability of the received results.
Among other approaches to solving dynamical elasticity problems the method of characteristics (Chou and Greif, 1968; Yang and Achenbach, 1970) , the method of using finite integral transformations (Slyep'yan and Yakovlyev, 1980; Wankhede and Bhonse, 1980), the method of summing up of elementary waves (Bedford and Drumheller, 1994) and others (Pao and Mow, 1973; Poruchikov, 1986) can be pointed out. But in a spatial case and in the case of great number of separation boundaries the mentioned above methods are not always effective.
In this paper Laguerre integral transform with respect to time variable (Galazyuk, 1981 ) is offered for solving this kind of problems. The advantage of this approach is the simplicity of performing an inversion which consists in summing up an orthogonal series as well as the possibility of construction of simple algorithm of series coefficients exact finding. The application of this method as well as the convergence of all procedures is justified by known theorems from an orthogonal polynomials theory (Szego, 1959) . More over the scaling factor, introduced in Laguerre transform, permits us to "stretch" or "contract" time interval to depend on numerical analysis needs and make use of corresponding theorems about limiting value.
BASIC EQUATIONS
Let us a medium which consists of flat layers with different thicknesses and different physical-mechanical properties. Each -th layer has thickness , (number denotes the half-space) and is characterised by Lame elastic constants , and density . When body forces applied to the medium are identity equal to zero then deformational field for every -th layer can be found from equation of motion:
with corresponding initial and boundary conditions. The same as in Galazyuk and Chumak (1991) , vector equations (2.1) in mixed cylindrical coordinates referred to some linear dimension h with the help volumetric expansion:
twist functions:
and functions of acceleration of a shift:
can be divided into 3M scalar wave equations:
Here and in the following -dimensionless orthogonal coordinates on the plane , -components of the displacement vector ; is the dynamical time;
, ̃ , √ , √ -are the longitudinal and transversal waves propagation velocities in the material of -th layer; -velocity of wave propagation in some medium (it is selected to depend from a numerical analysis tasks);
√ , √ , , -coefficients of the first quadric form in the system . In the following we suppose that the transient processes source in the initially immovable layered medium is the shock loading of its boundary . This loading in turn comes to action of a symmetrical to -axis normal loading in the circle region of radius. On the joining surfaces conditions of perfect mechanical contact take place and on infinity displacements and stresses are absent.
In the considered statement our problem of determinationof stress-strain state is plane and that is why all the characteristics of the problem will be functions only of and function introduced by (2.3) is identically equal to zero. In the dimensionless rectangular coordinates coefficients of the first quadric form will be , . Then in terms of separation functions and problem reduces to initial-boundary problem of mathematical physics for the system of wave equations:
under zero initial conditions:
boundary conditions on the surface :
Joining conditions on the surfaces :
and condition on the infinity:
In the equations (2.5)-(2.13) , ,
-known normal force loading. Using the functions and , found from the problem (2.5)-(2.14) normal components of displacement vector can be determined as the solutions of Cauchy problems: and radial components can be determined with the help of integrals: 
SOLUTION OF PROBLEM
Laguerre integral transformation can be introduced by the expression:
where -Laguerre polynomials. The orthogonal series:
serve as the inversion formula for the transformation (3.1). Under some limitations on the function (Szego, 1959 ) the integral (3.1) exists and series (3.2) uniformly coincides whit arbitrary interval from . Applying Fourier integral transformation with respect to spatial coordinate and transformation (3.1) with respect to and using then zero initial conditions (2.6) and differentiation formulae:
we'll receive a triangular sequence of boundary value problems of the following kind:
In the expressions (3.3) -(3.11) ∑ are the Fourier-Laguerre transforms:
We use conditions (3.5)-(3.10) for the determination of the unknown functions , , , . For this we substitute representation (3.12), (3.13) into the condition (3.5). Using the meaning for ̅ from the equation (3.3) and after regrouping we obtain: The first wave of the displacements and stresses arrives at and it is in accordance with the physics of the phenomenon. The peak value of amplitude gets its maximum and soon after arrival of the compression wave and thereafter the amplitudes decrease. The extreme values of amplitudes are attained in the beginning of transitional period when the compression wavereflection from the interfaces of elastic layer and half-space arrives. The multiple reflection results increase of frequency-wave. The numerical results have demonstrated the advantages of the present theory in terms of effectiveness and efficiency, which seem to justify its more intensive formulation. Future work will address the extension of the present theory for the dynamic problems of layered bodies.
CONCLUSION
The paper proposes a new mathematical formulation of the plane dynamic problem of elasticity theory for a layered halfspace. The formulation involves non-classical separation of equations of motion using two functions with a particular mechanical meaning -volumetric expansion and function of acceleration of the shift. In terms of these functions obtained two wave equation, written boundary conditions and the conditions of ideal mechanical contact of layers. Using the Laguerre and Fourier integral transformations was obtained the solution of the formulated problem. The results of the calculation of the stress-strain state in the half-space with a coating for a local impact loading are presented.
